96
This is primarily related to the expansion of soybean cultivation in Brazil, Argentina, Paraguay and Bolivia, 97 as well as the expansion of oil palm in Colombia, and to lesser extent, in Ecuador and Peru (Pacheco, 2012) .
98
The expansion of oil palm has led to the conversion of natural ecosystems, landscape homogenisation, 99 pollution, biodiversity loss, and carbon emissions both across the tropics and in Colombia (Castiblanco et al., 
105
In Colombia extensive cattle ranches still occupy as much as 70% of the agricultural land (Etter et al. by the National government with tax exemptions, subsidised credits, and mandatory consumption through 108 biodiesel blends (Castiblanco et al., 2013) , turning the country in the 4 th largest oil palm producer worldwide.
109
Such land use changes can impact sustainability in multiple ways; hence it is challenging to design strategies 110 to ensure both biodiversity conservation and socio-economic development across regions where complex 111 land use transitions are occurring.
112
Scenario analysis combined with sustainability assessment can be a great tool for strategy development
113
and for providing future recommendations because it is a way of investigating future pathways as well as the 
156 157
However, the majority of its natural ecosystem has been converted into cattle ranches and oil palm 
163
The economic and social context has been characterised by violence, uneven development, and lack of 164 government presence and institutions, which led to a coercive context of powerful elites, unofficial 165 authorities, and poor participation (Molano, 2009) . Poverty is still widespread with all municipalities except
166
Barrancabermeja displaying unmet basic needs indexes greater than 60% (PDPMM-CINEP, 2007). Peace
167
arrived in the region less than ten years ago but land inequality and power imbalance persist, making 168 sustainable rural development challenging to achieve (Molano, 2009 
190
The research involved a number of stages. First, we conducted a literature review on the region and on
191
Colombian agricultural policy to understand the changes that have occurred in the area and its social, 
211
In the following stage we conceptualised the scenarios. Because the focus of the study is how to achieve 212 biodiversity conservation across agricultural landscapes the scenarios were centred on that. We formulated (Table 1) 279 are represented in Fig. 3 and explained here. The drivers, their impacts, and their effects on sustainability are 280 also listed in Table 2 .
281 282 
337
The sector has played an important role in the Colombian society and in shaping the country landscapes 
341
Oil palm cultivation has been expanding in the area favoured by national policy (D1) through subsidized 
344
Although at the national level the oil palm industry only represents 2.6% of the agricultural GDP (MADR,
345
2013) when it is present in an area, such as our study region, it has important effects. Oil palm plantations 346 cause habitat and biodiversity loss and affect soil quality and water resources through the use pesticides,
347
fertilisers and the draining of water bodies (Obj. 14-18). They also cause forced displacements, violation of 
356
On the development side, oil palm plantations increase infrastructure (Obj. 2), employment (Obj. 3) and 357 can achieve lower rates of unmet basic needs and higher municipalities income (Obj. 6 and 7), as also 372 (Fensuagro, 2012 
389
Overall, if current policies and drivers of change persist, all trends described are also expected to 390 continue into the future. It is also possible that if the system was to reach unknown thresholds and tipping
391
points it could precipitate into unforeseen environmental states.
393

StakeholdersÕ views
394
Stakeholders generally held negative views on this scenario as it is producing more negative than 395 positive effects on sustainability. Some of the issues they raised were that the BAU is not improving land
396
and social inequality issues, while it is threatening key natural resources such as biodiversity and water. They
397
claimed that national policy agendas and trade agreements were beneficial for strongly profitable land uses
398
(e.g. oil palm cultivation) at the expenses of small-scale producers, ultimately worsening their condition and 399 exacerbating social inequality. They also reported that institutional weakness and corruption has hindered 400 significant socio-economic improvements.
402
Incentives based scenario: drivers of change and effects on sustainability
403
In the INC scenario, the national government increases its spending on the environment and provides
404
incentives to landowners to maintain natural habitats and establishing food security crops areas with a focus 405 on small farmers alliances/cooperatives. Under this scenario many of the causal links remain the same but
406
we would expect an increase in food security crops production, persistence of some natural habitats in the 407 landscape, and increased credit accessibility for small holders and farmers alliances (Fig. 4 ). This in turn would impact positively several sustainability objectives: employment and income (Obj. 3), small holder 409 potential and competitiveness (Obj. 4), social equity (Obj. 9), food security and farming heritage (Obj. 10),
410
the establishment of farmers alliances (Obj. 13), and the environmental ones (Obj. 14-18) (Fig. 4) 
443
(Obj. 14-18) as well as on achieving sustainable farming practices (Obj. 5). This scenario seems to deliver 444 positive effects on more sustainability objectives than the incentive one (Table 2) , however it is highly 
474
Stakeholders and experts preferred this scenario to the INC and BAU ones as they considered that a 475 robust regulatory framework is necessary to achieve desired changes. They expressed that empowering 476 institutions and increasing enforcement is key to improve sustainability in the region and also stressed that 477 coordination between authorities and institutions at different levels is imperative.
479
Key nodes and identification of management priorities
480
The sustainability objectives tend to be affected by multiple drivers and their interactions, resulting in a 481 complex network. For example, in the BAU scenario the achievement of species conservation is directly 482 affected by habitat conversion and resource degradation, which in turn are directly and/or indirectly affected
483
by agricultural policy, market demand, institutions, environmental policy, and even the armed conflict.
484
Therefore we used Network analysis to identify the key factors in the achievement of the sustainability
485
objectives under each scenario. The analysis showed that under all scenarios key entities in the system are oil 486 palm plantation expansion and displacements and violence, followed by the lack of institutional presence 487 and enforcement, and habitat conversion and resource degradation. This suggests that to achieve a 488 sustainable development of the area we should focus on policies applying to the oil palm sector, improving 
543
The analysis of the two alternative scenarios show that both a stronger regulatory framework or different 
579
Certified Sustainable Palm Oil must be created first, as it can be key driver of increased sustainability in 580 agricultural production systems (Ruviaro et al., 2014) .
581
At the regional and local levels good land use plan should be developed though a participatory approach,
582
integrated at the different scales, and enforced; while oil palm expansion should be directed on already 
588
including environmental ones, should be strengthened and restructured to decrease corruption levels.
589
Stronger institutions, enforcement and coordination at all administrative levels are crucial to achieve a 590 more sustainable development (Nesheim et al., 2014 
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